Many types of qualitative evidence exist for the fact that the total aqueous concentration of a trace metal does not necessarily indicate its bioavailability. Chemical forms of a metal often affect its availability to aquatic organisms. 1 Therefore, the speciation of a trace metal is becoming more and more important in the field of environmental chemistry. Since the speciation of a metal in solution is largely dependent on the complexing ability of natural water that usually contains organic ligands such as humic and fulvic acids, the determination of ligand concentrations is one of the main parts of the metal speciation studies. Ligand concentrations are usually estimated by measuring the copper(II) complexing capacity (CuCC). The authors have already reported a method for estimating the CuCC based on a kinetic aspect of dithizone extraction. Our results indicated that humic acids play an important role in the complexation of copper(II) in natural waters. 2 Although the method enables us to determine the CuCC and lability of soluble copper(II) complex simultaneously, the stability constant of copper(II) complex, which is considered to be a measure of the copper(II)-humic acid interaction in natural water, could not be obtained by the method. In the previous paper, we developed a method for simultaneous determination of the CuCC and the conditional stability constants (log β) of soluble copper(II) complexes in natural waters based on the back-extraction of bis(4,4,4-trifluoro-1-(2-thienyl)-1,3-butanedionato)copper(II).
Many types of qualitative evidence exist for the fact that the total aqueous concentration of a trace metal does not necessarily indicate its bioavailability. Chemical forms of a metal often affect its availability to aquatic organisms. 1 Therefore, the speciation of a trace metal is becoming more and more important in the field of environmental chemistry. Since the speciation of a metal in solution is largely dependent on the complexing ability of natural water that usually contains organic ligands such as humic and fulvic acids, the determination of ligand concentrations is one of the main parts of the metal speciation studies. Ligand concentrations are usually estimated by measuring the copper(II) complexing capacity (CuCC). The authors have already reported a method for estimating the CuCC based on a kinetic aspect of dithizone extraction. Our results indicated that humic acids play an important role in the complexation of copper(II) in natural waters. 2 Although the method enables us to determine the CuCC and lability of soluble copper(II) complex simultaneously, the stability constant of copper(II) complex, which is considered to be a measure of the copper(II)-humic acid interaction in natural water, could not be obtained by the method. In the previous paper, we developed a method for simultaneous determination of the CuCC and the conditional stability constants (log β) of soluble copper(II) complexes in natural waters based on the back-extraction of bis(4,4,4-trifluoro-1-(2-thienyl)-1,3-butanedionato)copper(II). 3 This method is a practically simple technique and does not require any special apparatus, and it enables us to obtain the CuCCs and log βs of two or more copper(II) complexes in natural-water samples. In this paper, this method was applied to natural water samples as well as to artificial samples containing humic acids; complexing abilities of some kinds of humic acids are discussed.
Experimental

Reagents
Stock solutions of 4,4,4-trifluoro-1-(2-thienyl)-1,3-butanedione (TTA, 1.25 × 10 -2 mol dm -3 ) and bis(4,4,4-trifluoro-1-(2-thienyl)-1,3-butanedionato)copper(II) (Cu(tta)2) (5.0 × 10 -4 mol dm -3 ) were prepared as described previously. 3 Soil humic acids (Joh soil HA and Azami soil HA) were isolated from the Joh Numa pond and Azami Numa pond according to the literature. 4 The Joh Numa pond is located in an urban area of Tatebayashi city and the Azami Numa pond in All the reagents used were of analytical reagent grade and were used without further purification. Water used for preparation of reagents and buffer solutions was obtained from a Milli-Q water purification system (Millipore Co.).
Apparatus
A Hitachi (Model Z-6100) atomic absorption spectrophotometer and a Shimazu (Model AA-640-12) atomic absorption spectrophotometer equipped with a graphite-furnace atomizer were used for the determination of copper(II). A Fisher Scientific (Model Accumet 15) pH meter and an Iwaki (KM-type) shaker were also used.
Procedure
The pond-water sample was filtered through a 0.45 µm membrane filter. Twenty cubic centimeters of a sample solution (20 or 40 mg dm -3 humic acid, or pond water) containing 0.1 mol dm -3 sodium perchlorate, whose pH was preliminarily adjusted by 0.01 mol dm -3 MOPS buffer solution, was taken in a separatory funnel, and an equal volume of benzene solution containing 0 -5.0 × 10 -3 mol dm -3 TTA and 5.0 × 10 -5 mol dm -3 Cu(tta)2 was added. The mixture was then shaken vigorously for 1 h. After the phases were allowed to separate, copper(II) in the aqueous phase was determined with an atomic absorption spectrophotometer, followed by pH measurement.
In the previous work, an equation for the simultaneous determination of the CuCCs and the conditional stability constants (log β) of soluble copper(II) complexes in natural water was proposed as All experiments were carried out at room temperature (ca. 293 K).
Results and Discussion
To evaluate the complexing ability of a humic acid, the conditional stability constant of a copper(II)-humic acid complex and the [L]tot of the sample solution containing 40 mg dm -3 each of five kinds of humic acids were determined by using Eq. (1). Plots of [CuL] against log χ in which Joh soil HA is used are shown in Fig. 1 , where the plots well fit the curve derived from Eq. (1) by considering the existence of two kinds of ligands. When the other humic acids were used, the plots also fall on the curve. These results show that two kinds of complexing sites which form copper(II) complexes having different stabilities exist in a humic acid molecule in all cases investigated. The [L]tot and the log β values for each humic acid sample are summarized in Table 1 . By comparing the
) values, the Azami soil HA was found to have the largest while the Wako HA had the smallest; the difference between these two exceeds three times the lower amount. From the above results, we estimated that the complexing capacity of humic acid solution strongly depends upon its origin. Since [L 1 ] is consistently larger than [L 2 ] throughout the humic acids investigated, the amount of the complexing site where a weakly bound complex is formed is larger than that of the complexing site where a strongly bound complex is formed in about the unit mass of a humic acid. However, the log β values for a strongly bound complex are about 10, which is almost the same value for nitrilotriacetatocopper(II) (Cu(nta) -) complex (log β = 9.9 for Cu(nta) -under these experimental conditions). This result suggests that the humic acids form stable complexes with copper(II). The effect of pH on the complexation is examined by using Joh soil HA. The results are summarized in Table 2 . The values of [L]tot and log β decrease along with the decrease in the pH, indicating that the protonation to these complexing sites extremely weakens the complexing ability of humic acid.
To compare the complexing ability of a humic acid with that of a ligand in natural water, the present method was applied to the pond-water samples taken from Joh Numa pond. The results obtained by the plot according to Eq. (1) are shown in Table 3 together with the result obtained in our previous study. 3 As shown in Table 3 Table 2 , we see that log βL1 and log βL2 obtained from Joh Numa pond water almost agree with those of Joh soil HA, whereas log βs obtained from Azami Numa pond water give almost the same values as Azami soil HA, indicating that the complexing ability of ligands in pond water corresponds to that of soil humic acid. These results suggest that humic acid dissolved from soil sediment greatly contributes to the complexation of copper(II) in pond environment. In conclusion, the evaluation of the complexing ability of soil humic acid gives useful information for the speciation of metal ions in natural water.
